Abstract: Aone-potmulti-componentreactionisdevelopedfortheefficientsynthesisof4,5-dibenzylideneoctahydroacridinesinhighyields.
Introduction
Multicomponent reactions involving tandem process with at least three different simple substrates have emerged as a powerful synthetic strategy. This methodology allows molecular complexity and diversity to be created by the facile formation of several new covalent bonds in a one-pot transformation quite closely approaching the concept of an ideal synthesis [1] [2] [3] [4] [5] [6] . Microwave irradiation assisted organic synthesis is an increasingly popular field as indicated by numerous publications in the past years that have testified to the several advantages, such as enhancing reaction rates and increasing in yields under milder conditions [7, 8] . Recently much attention has been given to the combination of multicomponent reaction and microwave irradiation, which allows reactions to be conducted with shorter reaction times, enhanced efficiency and/or selectivity, and with more concern with environmental impact [9] . The pyridyl heterocyclic core is also a widespread subunit in numerous natural products and pharmaceuticals [10, 11] . The polysubstituted pyridines, especially terpyridines are prominent building blocks in supramolecular chemistry with their π-stacking and directional H-bonding ability [12, 13] . Traditional Hantzsch-type synthesis of pyridines via cyclocondensation of aromatic aldehyde, acetophenone and a nitrogen source [14, 15] is a multicompoent reaction. The key step of this reaction is Michael addition of second molecular acetophenone to α,β-unsaturated ketones formed in situ from the aldol condensation of aromatic aldehyde with acetophenone to form 1,5-diketone. The pyridines with same aryl groups at the 2,6-positions are usually prepared in moderate yields by refluxing the three component mixtures in suitable solvent for several hours. Recently several new improved procedures have been developed for this method including solvent free reaction conditions [16, 17] , reaction in aqueous media [18] , one-pot procedure under microwave irradiation [19, 20] and directly heating α,β-unsaturated ketones and ammonium acetate in the presence of a catalyst amount of acetic acid [21] . In continuation of our efforts for developing new facile and efficient synthesis methods for the polysubstituted pyridines [22] , we wish to report the interesting results of synthesis of diarylidene octahydroacridines by onepot reaction of aromatic aldehydes with substituted cyclohexanones and ammonium acetate with microwave irradiation.
Experimental Procedures

Materials and Apparatus
Melting points were taken on a hot-plate microscope apparatus. IR spectra were obtained on a Bruker Tensor 27 spectrometer (KBr disc).
1 H and 13 C NMR spectra were recorded with a Bruker AV-600 spectrometer with CDCl 3 as solvent and TMS as internal standard. HPLC/ MS were measured at Fennigan LCQ Deca XP MAX instrument with TC-C18 as solid phase, elution with a mixture of methanol and water (v/v = 4:1), ESI source and cationic determination. Microwave heating is conducted with Lingjiang LWMC-201 Microwave reactor (Nanjing, China). Aromatic aldehydes, 4-methylcyclohexanone, 4-t-butylcyclohexanone and other reagents were purchased from commercial source and used as received. Solvents were purified by standard techniques. The reaction process was monitored by TLC.
General procedure for the preparation of 4,5-dibenzylidene-9-aryloctahydroacridines
To a 50 mL of conical flask was added aromatic aldehyde (3.0 mmol), 4-alkylcyclohexanone (2.0 mmol), ammonium acetate (3.0 g) and acetic acid (2.0 mL). 2 , 7 -d i -t -b u t y l -4 , 5 -d i ( 3 -m e t h o x y -4 -h y d r o x y b e n z y l i d e n e ) -9 -( 3 -m e t h o x y -4 
3c
2,7-di-t-butyl-4,5-di(p-methoxybenzylidene)-9- p-methoxyphenyloctahydroacridine, 1 H NMR (600MHz, CDCl 3 ) δ 8.08~8.06 (m, 2H, ArH), 7.44 (d, J = 8.4Hz, 4H, ArH), 7.05~7.00 (m, 4H, ArH, =CH), 6.95 (d, J = 9.0Hz, 4H, ArH), 3.91 (s, 3H, OCH 3 ), 3.86 (s, 6H, OCH 3 ), 3.26~3.23 (m, 2H, CH 2 ), 2.55~2.43 (m, 2H, CH 2 ), 2.25~2.10 (m, 4H, CH 2 ), 1.47~1.41 (m, 2H, CH), 0.83 (s, 18H, C(CH 3 ) 3 ). 13 C NMR (150MHz,CDCl
3d
, 7 -d i -t -b u t y l -4 , 5 -d i b e n z y l i d e n e ) -9 -
3f
3h
2,7-dimethyl-4,5-di(p-chlorobenzylidene)-9-pchlorophenyloctahydroacridine, 1 
3j
, 7 -d i m e t h y l -4 , 5 -d i b e n z y l i d e n e -9 -
3k
2,7-dimethyl-4,5-di(p-dimethylaminobenzylidene)-9-(p-dimethylaminophenyloctahydroacridine, 1 
Results and Discussion
When a mixture of 4-t-butylcyclohexanone 1a or 4-methylcyclohexanone 1b, aromatic aldehydes 2a-2g, ammonium acetate and acetic acid were heated under microwave irradiation for 3-4 minutes, Hantzsch-type synthesis of pyridine was carried out and the formation of octahydroacridine (dicyclohexa[b,e]pyridines) would be anticipated. It is very interesting to find that in our experiments the main products are octahydroacridines with two additional α-arylidene groups (4,5-diarylidene-9-aryloctahydroacridine). When an optimized molar ratio of aromatic aldehydes (3 molar) and cyclohexanone (2 molar) were used in the reactions, octahydroacridine derivatives 3a-3k were prepared in 42-79% yields (Scheme 1).
Octahydroacridines have been prepared by several methods in the literature. For example, octahydroacridines have been prepared by heating a mixture of aldehyde, cyclic ketone and ammonium acetate [23, 24] .
Octahydroacridines have also been prepared by heating dicycloalkenopyridines with aromatic aldehyde in acetic anhydride [25] [26] [27] . Finally, octahydroacridines can also be prepared through a condensation reaction of cyclic ketone enamine with formaldehyde to form bis(2-oxocycloalkyl)methane, which in turn is heated with ammonium acetate [28] . Compared to conventional heating [23, 24] , the reaction under microwave irradiation is very convenient and efficient and very little byproducts have been detected. Therefore, the workup procedure involves only a simple filtration of the precipitate followed by crystallization with alcohol. In the examples that have been attempted in this study, the products 3a-3k can be obtained in a higher purity, which give satisfied 1 H and 13 C NMR spectroscopy ( Table 1 ). The structures of the octahydroacridines 3a-3k were characterized by IR, 1 H and 13 C NMR, as well as HPLC-MS.
The formation of octahydroacridines 3a-3k is very interesting and involves three molecules of aromatic aldehydes and two molecules of ketones as well as one molecule of ammonia. The reaction mechanism of Hantzsch-type synthesis of pyridine via cyclocondensation of an aromatic aldehyde with acetophenone and a nitrogen source has long been established [29] [30] [31] [32] , which included several steps: Aldol condensation of an aromatic aldehyde with acetophenone to give an α,β-unsaturated ketones, Michael addition of second molecule of acetophenone to an α, β-unsaturated ketones to form the 1,5-diketone, which cyclizes with a nitrogen source to form a dihydropyridine ring. The last step is oxidation of dihydropyridine in air to form pyridine. This kind of mechanism could also be applied to the formation of octahydroacridines 3a-3k after adjusting formation of some intermediates. It has found that cyclic ketones reacted with aromatic aldehydes would form α,α'-bisarylidene cycloalkanones in almost every catalytic condensation condition as well as under microwave irradiation [33, 34] , so the formation mechanism of this multicomponent reaction is reasonable to be assumed as fellows (Scheme 2): An aromatic aldehyde (2 molar) reacts firstly with a cyclic ketone (2 molar) to form α-arylidene cyclic ketone (A, 2 molar). Then excess aromatic aldehyde condenses with one molar α-arylidene cyclic ketone A at its other methylene position to form α, α'-bisarylidene cycloalkanones (B). The key step is the remaining one molar 2-arylidene cyclic ketone (A) reacted with α, α'-bisarylidene cycloalkanones (B) in Michael addition manner to form 1, 5-diketone (C), which in turn cyclizes with ammonia to give dihydropyridine (D) and the latter is finally oxidized in air to form the pyridine ring (E). In fact octahydroacridine condenses with two molar equivalents of the aromatic aldehydes in refluxing of acetic anhydride to give α,α'-diarylideneoctahydroacridine [25] [26] [27] 35, 36] [33] . So another mechanism for 3a-3k might be possible. In this route, aromatic aldehyde at first condenses with two molar equivalent cyclohexanone to give bis(2-oxocyclohexyl)arylmethane, which in turn reacts with ammonia to give the dihydropyridine ring. In the literature there are no reports of the formation of bis(2-oxocyclohexyl)arylmethane directly from the reaction of aromatic aldehyde with cyclohexanone. Such this kind of route for the formation of 3a-3k is not really practical. In conclusion, we have described a simple and efficient one-pot multi-component reaction procedure for the preparation of diarylidene dicycloalkenopyridines. This one-pot procedure is also a simple useful modification of Hantzsch-type synthesis pyridine derivatives. The advantages of this approach are as fellows: The reaction procedure is convenient, involves simple experimental procedure and product isolation, thus dispense with extensive recrystallization or chromatographic purification steps. It is a multi-component reaction which would be allowed to construct the relative complicated nitrogen-containing heterocyclic systems by using simple starting materials.
